The recent LHCb measurement of RK * in two q 2 bins, when combined with the earlier measurement of RK , strongly suggests lepton flavour non-universal new physics in semi-leptonic B meson decays. Motivated by these intriguing hints of new physics, several authors have considered vector, axial vector, scalar and pseudo scalar operators as possible explanations of these measurements. However, tensor operators have widely been neglected in this context. In this paper, we consider the effect of tensor operators in RK and RK * . We find that, unlike other local operators, tensor operators can comfortably produce both of R low K * and R central K * close to their experimental central values. However, a simultaneous explanation of RK is not possible with only Tensor operators, and other vector or axial vector operators are needed. In fact, we find that combination of vector and tensor operators can provide simultaneous explanations of all the anomalies comfortably at the 1σ level, a scenario which is hard to achieve with only vector or axial vector operators. We also comment on the compatibility of the various new physics solutions with the measurements of the inclusive decay B d → Xs + − .
Introduction
The LHCb collaboration has recently announced measurements of R K [1] . In both the bins, they observe deviation from the Standard Model (SM), at the 2.1 − 2.3σ level in the low bin and at the 2.4 − 2.5σ level in the central bin [1] . Interestingly, in the summer of 2014, a similar LHCb measurement of the ratio R K ≡ B(B + → K + µ + µ − )/B(B + → K + e + e − ) for q 2 ∈ [1, 6] GeV 2 also showed a 2.6σ deviation from the SM [2] . The experimental measurements as well as the latest SM predictions for these ratios are summarised in the first 3 rows of Table-I. As the theoretical predictions of R K and R K * in the SM are rather reliable [3, 4] , these measurements highly suggest for lepton non-universal new physics (NP). This has spurred a lot of activities in the recent past, both in the language of model independent higher dimensional operators and specific models beyond the SM [3, . In the context of dimension-6 NP operators, it has been pointed out that short distance NP operators of certain types can provide an overall good fit to the data. However, a discussion of the tensor operators was missing. In this paper, we fill this gap with a detailed analysis of the role of tensor operators in R K and R K * 1 .
Note that, it is not possible to generate tensor operators at the dimension-6 level if the Standard Model gauge * debjyotiarr@gmail.com † tppb@iacs.res.in ‡ diptimoy.ghosh@weizmann.ac.il 1 In the context ofB d →K * + − decay, the tensor operators with m = 0 was first considered by one of the authors in [6] [7] [8] and later in [67, 68] .
symmetry is imposed [19] . However, tensor operators can be generated at the dimension-8 level, see the end of section 4 for more details. Besides R K and R K * , we also consider the branching ratios of B s → + − ( = µ, e) as they are reliably predicted in the SM. Furthermore, we also show the compatibility with measurements of the branching ratios of the inclusive decay B d → X s + − . The experimental measurements of these observables are summarised in Table-I. In the table and the subsequent text, we use the following short-hand notations (q 2 is given in GeV 2 ) We will not consider any angular observables (P 5 , for example) in this analysis because their SM predictions are debatable [13, [77] [78] [79] [80] [81] [82] [83] [84] 2 . In our calculations of B(B d → K ( * ) + − ) we only include the factorizable part described by the form-factors, and no non-factorizable corrections are included. However, this is good enough for the theoretically clean observables R K and R K * . As for the form-factors, we use [86] for B → K matrix elements and [87] for the B → K * matrix elements.
Effective operators
The SU(3) × U(1) invariant effective Lagrangian at the dimension-6 level for b → s transition is given by
where, H
In models beyond the SM, new operators can be generated. The complete basis of dimension-6 operators includes new operators given by
where, the various operators above are defined by
Note that, the Wilson coefficients for the photonic dipole operators O 7 and O 7 are lepton universal by definition, and lead to lepton flavour non-universality only through lepton mass effects, which is not enough to provide explanation of the R K * anomalies once bound from B d → X s γ is taken into account [9] . So we neglect NP effect in these operators. For all the other operators, we write their Wilson coefficients as C i = C SM i + ∆C i where ∆C i corresponds to the shift in the Wilson coefficient from its SM value due to short distance NP.
2 Note however that, large deviations from the SM expectations in two q 2 -bins of P µ 5 have been claimed in the literature [14] . Interestingly, the Belle collaboration has provided the first measurement of P 5 in the electron mode [85] , and indeed, the central value for P µ 5 deviates more than that of P e 5 . However, at this point the statistics is low, and the jury is still out on this.
Tensor operators
In this section, we study the effect of the two tensor operators, O T , O T 5 , on R K and R K * . In Eq. 3 -5 below we show numerical formulae for the various branching ratios (normalised to their SM predictions) as functions of ∆C µ T 5 and ∆C e T 5 :
The full set of numerical formulae valid in the presence of all the operators are presented in Appendix A. These formulae can be used to perform very quick analysis of models as the only required inputs in these formulae are the short distance Wilson coefficients.
In Fig In the following section, we will investigate whether a simultaneous solution is possible when other additional operators are also considered. While we consider only unprimed operators in the main text, the effect of the primed operators in conjunction with the tensor operators can be found in Appendix B.
Combination of Vector and Tensor operators
In Fig. 2 , we show the regions in ∆C Xsee (in red). The black shaded region from the left panel is also superimposed there. It can be seen that there is a small overlap of the black, blue and red regions in the right panel where all the constraints including those from the inclusive decay are satisfied. In Fig. 3 , we show the allowed regions in the ∆C 0.7 at the 1σ level [55] . Hence, the black overlap region in the upper left panel is allowed by B µµ . However, as in Fig. 3 , this scenario also is in tension with the measurements of B high Xs . The situation is better for ∆C Before closing this section, we would like to mention that the tensor operators do not get generated at the dimension-6 level if SU(2)×U(1) Y gauge invariance is imposed, which was also pointed out in [19] . However, it can be generated at the dimension-8 level. For example, one can write down the operator (1/Λ 4 )(s R L 1H ) (µ R Q 3H ) which, after electroweak symmetry breaking, generates the operator (
FIG. 2. Allowed regions in ∆C
. For more details, see Appendix C.
Summary
Motivated by the recent measurements of R K * in two q 2 bins by the LHCb collaboration, we have performed a detailed analysis of the role of tensor operators in R K and R K * , for the first time in the literature. We show that, unlike the vector, axial vector, scalar or pseudo scalar operators, tensor operators can comfortably explain R cen K * and R low K * simultaneously. Hence, if the experimental measurement of R K * in the low q 2 bin stays in the future, either a very light vector boson (as shown by one of the authors in [20] ) or the existence of tensor operators would be unavoidable. However, we find that a simultaneous explanation of R K also would require the existence of other Wilson coefficients (of vector and/or axial vector operators, for example) in conjunction with the tensor operators. We study the interplay of the vector and axial vector operators with the tensor structures, and obtain the regions allowed by the 1σ experimental values of R K and R K * . We further show that the measured branching ratios for the inclusive B d → X s + − decay provide very important constraints on the various solutions. We also present completely general numerical formulae which can be used to effortlessly compute R Earlier we considered only the unprimed vector and axial vector operators namely, C µ,e 9 and C µ,e 10 , and neglected their primed counterparts C µ,e 9 and C µ,e 10 . It has been shown (see for example, [20] ) that the primed operators alone are unable to produce the experimental measurements of R K and R K * simultaneously. In this section, we will investigate whether the situation can improve in the presence of tensor operators. Fig. 7 and Fig. 8 show the allowed regions in ∆C e 9 vs. ∆C e T 5 and ∆C e 10 vs. ∆C e T 5 planes respectively. In these cases also, the primed operators can be allowed if a large tensor contribution exists at the same time.
---------------------------
Allowed regions in ∆C As mentioned in the main text, the tensor operators do not get generated at the dimension-6 level if SU(2) × U(1) Y gauge invariance is imposed 4 . However, they can be generated at the dimension-8 level. Here we show a few examples,
It is hard to generate only the tensor operators in a com- plete field theory model. The second operator above is much easier to generate (it can be generated even at the tree level). In this case, however, both scalar and tensor operators are generated with the following relations among the Wilson coefficients, 
Note that, gauge invariance at the dimension 6 level always leads to the relation ∆C e S = +∆C e P [19] , which is now broken by the dimension 8 operators. In Fig. 9 , we show the various allowed regions in the ∆C Note that, the value of ∆C e S = −∆C e P ≈ 3 corresponds to a NP scale Λ ∼ (C sLeQ ) 1/4 1.5 TeV. While the scale is rather low, it is still intriguing that one local operator in Eq. (C2) can explain all the anomalies (including R low K * ) simultaneously. Unfortunately, for such large value ∆C e S = −∆C e P ≈ 3, B ee exceeds the experimental upper bound, and some cancellation, either from other dimension-8 operators or from dimension-6 operators would be necessary for this operator to be viable. More detailed exploration of such dynamics is left for future work.
